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Abstract 11 
This work is dedicated to the assessment of the structural capacity of a new lightweight 12 
block for one-way precast concrete slabs made of short sisal fiber reinforced concrete 13 
(SSFRC) containing natural and recycled aggregate. Flexural tests were carried out on 14 
SSFRC block samples, as well as on ceramic and EPS blocks used commercially. Slab 15 
panels including SSFRC, ceramic and EPS blocks were tested under four point bending 16 
configuration to assess the benefits of the new SSFRC block in quasi-real slab 17 
conditions. The results of the tests indicated the influence of the sisal fibers and 18 
recycled aggregate on the physical and mechanical properties of the concrete and the 19 
best structural performance of the SSFRC blocks in relation to commercial solutions. 20 
The flexural behavior and cracking of slabs were presented and discussed. Numerical 21 
models were also developed to predict the nonlinear behavior of the SSFRC and to 22 
simulate the flexural behavior, crack initiation and propagation in the blocks. By 23 
adopting this numerical strategy, a parametric study was carried out to simulated new 24 
design of blocks and to demonstrate that the load carrying capacity at serviceability 25 
limit state conditions can be significantly increased with the thickness of SSFRC block. 26 
 27 
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1 – Introduction 30 
In less developed and in overpopulated countries, the need to reduce the consumption of 31 
non-renewable natural resources and energy has encouraged the development of low 32 
cost, safe and sustainable constructive solutions, such is the case of affordable houses 33 
[1]. This strategy requires the use of local raw and renewable materials, recycled 34 
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constituents according to a methodology that mobilizes effectively their properties, 35 
which is being pursued by several researchers in diverse countries like Malaysia, India 36 
and China [2]. By using the prefabrication technology, these materials can be applied on 37 
the development of lightweight and durable constructive components according to 38 
suitable standards of quality control for the building of modular houses. 39 
One way precast concrete slabs are used in United States since the 1950s, being 40 
composed by longitudinal prefabricated concrete slender beams reinforced by passive or 41 
prestressed steel wires, lightweight blocks (that can be made by diverse types of 42 
materials) supported in these beams, and concrete cover layer cast in place. This slab is 43 
the most popular flooring system for residential buildings in several countries [3, 4]. 44 
The simple and fast method of executing, lightness and relatively low cost make them 45 
highly competitive, since the use of formworks is avoided, and the requirements for 46 
skilled manpower and time construction are reduced. The lightweight character of this 47 
type of slabs, currently designated by “beam-and-block floor system – B&B-FS” [5] is 48 
caused by the application of the aforementioned blocks. Therefore, the permanent loads 49 
transferred to their supports (beams and columns) and foundations are smaller than 50 
when massive RC slabs (heavier) are used [6], with consequent benefits in terms of the 51 
costs of these other constructive elements and better response of the building under 52 
seismic events.  53 
In environmental terms, the comparative life cycle analysis (LCA) performed by López-54 
Mesa et al. [4], where the local construction practices adopted in Spain were considered, 55 
has indicated that the B&B-FS has lower environmental impact than in situ cast floors 56 
for residential buildings. 57 
Despite the numerous advantages of the B&B-FS, some problems have been identified 58 
in its execution, mainly due to the susceptibility of the blocks to premature failure 59 
during the assembly process of the system, when the concrete cover is being cast, or 60 
during the installation of the housing infrastructures [3]. Despite the existence of quality 61 
control standards for the mechanical strength requisites of these blocks, a program for 62 
the assessment of their properties have indicated values below the minimum limit 63 
imposed by these standards [7]. 64 
Numerous types of blocks are commercially available for B&B-FS, being clay, concrete 65 
and expanded polystyrene (EPS) the most used materials. In Brazil, the main 66 
lightweight blocks are made in clay and in EPS, with a share market of 55% and 85%, 67 
respectively [8]. To avoid the deficiencies, and to increase the sustainability of B&B-68 
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FS, some initiatives are being done to use new materials for the blocks. In this regards, 69 
Milicevic et al. [9] have demonstrated the possibility of replacing 50% of fine 70 
aggregates and 75% of coarse aggregates by recycled ceramic aggregates for producing 71 
concrete blocks for B&B-FS with mechanical, acoustic and thermal properties suitable 72 
for this slab system. By using recycled materials, from recyclable PET bottles, 73 
aluminum cans and Tetra Pak cartons in the substitution of conventional materials in 74 
blocks for semi-precast slabs, Vargas et al. [10] investigated the economic viability of 75 
the developed slab systems. However, the individual recycled blocks were not 76 
mechanically evaluated and certainly did not show required strength for use in situ. The 77 
use of autoclaved aerated concrete blocks in precast concrete slab with ferrocement 78 
permanent formwork was evaluated by [11]. After having executed flexural test with 79 
this type of slabs, the authors verified that the dead weight of this type of slabs is 32-80 
23% less than the one of solid reinforced concrete slab. Similar test was carried out 81 
using brick masonry as a lightweight block [12]. This construction system presented 82 
acceptable  mechanical performance, with crack patterns similar to those observed in 83 
reinforced concrete one way slab. Blocks from recycled plastic from municipal waste 84 
were also used in the construction of two store building [13]. In comparison to a full 85 
reinforced concrete slab, the reduction of the slab’s deadweight was 38%, and the 86 
reduction of concrete consumption was 43%. 87 
A review on the use of fiber-reinforced concrete (FRC) in precast concrete applications 88 
was performed by Banthia et al. [14]. FRC, where steel and glass fibers were adopted, 89 
was successfully used in formworks for beams and lightweight panels. Permanent 90 
formworks made by strain hardening cementitious composites reinforced with PVA 91 
fibers was produced [15], as an alternative approach for the construction of more 92 
durable slabs and beams of reinforced concrete, and their contribution provide an 93 
increase in the load capacity of these elements. The use of sisal fiber as reinforcement of 94 
permanent formwork for slabs was evaluated by Schafer and Brunssen [16]. Arch and 95 
trapezoidal shape elements with a thickness of 10 to 20 mm were produced with 96 
laminated composites reinforced with long sisal fiber layers. The load-deflection test of 97 
arch type formwork was characterized by a flexural hardening behavior with a 98 
maximum load twice higher than first crack load, and a failure load of about 7 kN was 99 
obtained, which guarantees a high safety factor for all loading cases that may arise 100 
during the casting and construction process of this type of slab. According to these 101 
authors, however, the manufacturing procedure of this type of formwork is very labor-102 
4 
 
intensive and, of course, inappropriate for large scale production. In fact, despite the 103 
excellent performance of long sisal fiber cement based composites under bending [17, 104 
18], the lamination process requires advanced production techniques, in comparison 105 
with used technique on the production of concrete reinforced with short fibers. 106 
A wider application of sisal-cement composites can be achieved with the use of short 107 
fibers dispersed in the matrix, due to ease of molding since it is based on the traditional 108 
method of concrete production. In past, many roofing tiles were produced with short 109 
vegetable fibers using conventional concrete technology, but the poor performance with 110 
rupture after 6 months finished its use [19]. Recent studies, however, have shown that 111 
the use of short randomly distributed sisal fibers can result in composites having 112 
flexural hardening if appropriate measures are used in the production of the matrix and 113 
fiber treatment. According [20] the hornification of sisal fiber by executing wetting and 114 
drying cycles provides a better fiber-matrix bonding behavior and an increase of 40% 115 
on the bond strength. In fact, composites reinforced with 4% and 6% of treated fibers of 116 
50 mm length (lf) presented a multiple cracking behavior with deflection hardening. The 117 
binder of this material was composed of Portland cement and high content of both 118 
metakaolin and fly ash to guarantee the durability of the sisal fiber and also to ensure an 119 
adequate workability to the matrix for a proper fiber dispersion. Lima et al. [21] used 120 
similar binder, but replaced part of natural aggregate by recycled concrete aggregate. 121 
The produced self-compacting matrix allowed a more homogeneous material reinforced 122 
with 40 mm fiber length, having been registered a flexural hardening behavior with 123 
multiple cracking and small cracking space. Due to these characteristics, the application 124 
of this material for roof constructive element was numerically evaluated, having been 125 
demonstrated high potentialities for this type of application [22]. 126 
To evaluate the potential use of cementitious  materials reinforced with short vegetable 127 
fibers (herein designated by the acronym SSFRC) in the production of lightweight 128 
blocks for precast concrete slabs, a new block was designed, manufactured and tested 129 
experimentally in this work. The self-compacting matrix was produced with recycled 130 
aggregate and substituting part of cement by silica fume and fly ash. The mechanical 131 
performance of the developed block was evaluated according to the Brazilian standard 132 
for this type of constructive elements, and compared with the one of blocks made by 133 
traditional materials, such as ceramic and EPS. Slab panels including SSFRC, ceramic 134 
and EPS blocks were tested under four point bending configuration to assess the 135 
benefits of the new SSFRC block in quasi-real slab conditions. Material nonlinear 136 
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analysis with a software capable of simulating the crack initiation and propagation were 137 
carried to explore the potentialities of SSFRC for this type of blocks by executing 138 
parametric studies after the good predictive performance of the constitutive model has 139 
been assessed by simulating the experimental tests carried out. 140 
 141 
2. Experimental Program 142 
2.1 Materials 143 
Processing and characterization of sisal fiber 144 
The sisal plant (Figure 1a) is a member of the plant family of agavaceae that is 145 
indigenous of the arid zones of America. The plant is characterized by leaves that can 146 
exceed one meter length composed by long and very strong fibers. Harvesting is carried 147 
out by hand. After harvesting, the leaves are transported to a machine localized, in 148 
general, at plantation (Figure 1b) and decorticated to extract the cortex of ribbon fibers 149 
that run along the length of the leaves (Figure 1c). 150 
 151 
 152 
Fig. 1. Extraction of vegetable fiber: a) sisal plant; b) fiber decortification process; b) identification of 153 
sisal fiber in leaf 154 
 155 
The sisal fibers used in this research were collected in the city of Valente, state of Bahia 156 
– Brazil. Initially, the fibers were washed in hot water (50 °C) to remove surface soluble 157 
extractives [23]. The fiber treatment was conducted according [20], and consisted in 158 
immersing the fibers in water (T ~ 23 °C) and their removal after saturation (3 h) for 159 
drying in a furnace at a temperature of 80°C (16 hours). This procedure was repeated 10 160 
times. According previous results [24] this treatment permits an increase of fiber-matrix 161 
bond performance, and the decrease of dimensional variation of sisal fiber due to 162 
variation of moisture. 163 
Fiber tensile tests indicate that the used fiber have a tensile strength of 353 MPa and an 164 
elastic modulus of 15.72 GPa [25]. 165 
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Fine recycled aggregate 166 
Concrete waste provenient from a building demolition site at Feira de Santana 167 
(Northeast of Brazil) was used to produce the recycled aggregate. After crushing, the 168 
waste was screened in sieve of 2.36 mm to produce the fine recycled concrete aggregate 169 
(RA) used in this work. Mineralogical and morphological properties of recycled 170 
aggregate have been carried out in a previous work [26]. The natural aggregate used as 171 
reference to recycled aggregate was a fine sand (NA). Granulometry and physical 172 
properties of the aggregate are shown in Table 1. As expected, the recycled aggregate 173 
presented higher presence of materials finer than 150 m, which is attributed to the 174 
crushing process of obtaining aggregates. The water absorption of about 6% is in 175 
accordance with the values observed by [27]. 176 
 177 
Table 1 178 
Characterization of aggregates 179 
Characteristic  
Natural 
aggregate 
(NA) 
Recycled 
aggregate 
(RA) 
Maximum diameter (mm) 1.20 2.36 
Fineness  1.73 2.11 
Materials finer than 150 m 
(%) 
0.95 14.36 
Absorption (%)  0.03 6.11 
Unit weight (kg/dm³)  2.65 2.60 
 180 
Binder constituents 181 
In order to obtain a durable composite, whose matrix does not chemically attack the 182 
sisal fiber, and with adequate rheology, the binder constituents used were composed of 183 
cement CP V ARI (ASTM Type III), suitable for production of prefabricated element, 184 
and two mineral additions: 40% of fly ash and 10% of silica fume as partial cement 185 
substitutions. 186 
In accordance with Gram [19], the use of the fume silica ensures a higher consume of 187 
the calcium hydroxides produced by the reaction of the cement hydration, which 188 
prevents the mineralization of the vegetable fiber and reduces the pH of the matrix, 189 
avoiding the alkaline hydrolysis. The efficiency of the addition of silica in improving 190 
the durability of cement based composites reinforced with vegetable fibers was 191 
confirmed by others authors [28, 29]. 192 
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Table 2 shows the characteristics of the binder constituents. According to ASTM C618 193 
[30], the fly ash (FA) and silica fume (SF) can be classified as pozzolanic material since 194 
the sum of three oxides from its chemical analyses, SiO2+Al3O3+Fe203, were higher 195 
than 70%. Thermogravimetric (TG) analysis, shown in Figure 2, was performed in 196 
cement paste and blended cement paste after 28 days of cure to evaluate the calcium 197 
hydroxide content. The identification of the main hydrated and carbonated phases can 198 
be better visualized by the peaks of the TG derivative (DTG), which corresponds to the 199 
several steps of mass loss. It can be seen that for both pastes, at temperature below 100o 200 
C the DTG peak indicates a loss of combined water, which comes initially from the 201 
calcium silicate hydrate (C–S–H) and then from ettringite. For the cement paste, Figure 202 
2 shows that a significant peak of calcium hydroxide, Ca(OH)2, decomposition has 203 
occurred between 400°C and 480°C (due to a free lime content), while a smaller peak 204 
was visible at 650°C due to the CO2 released during calcium carbonate (CaCO3) 205 
decomposition. The weight losses between 400°C and 480°C obtained from the TG 206 
curves allow calculating the calcium hydroxide content. In DTG curves of blended 207 
paste, the peak of calcium hydroxide decomposition was practically absent because it 208 
was almost totally consumed during pozzolanic reactions. 209 
 210 
Table 2 211 
Binder constituents 212 
Characteristics Cement Fly ash (FA) Silica Fume (SF) 
Major chemical 
component (%) 
CaO 69.77 2.06 0.17 
SiO2 15.89 53.33 95.3 
SO3 4.76 1.51 - 
Al2O3 4.35 33.23 0.04 
K2O 1.07 3.44 1.33 
Fe2O3 3.66 4.96 0.35 
Specific gravity (g/cm3) 3.06 2.01 2.65 
 213 
 214 
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 215 
Fig. 2. TG and DTG curves of the cement paste and of the blended paste after 28 days of cure. 216 
 217 
Composite production 218 
The concrete in the proportion of 1:1:0.35 (binder:sand:water/binder ratio, by weight), 219 
were prepared with the use of natural aggregate (NA) and recycled aggregate (RA) in 220 
two combinations: 100% NA (plain concrete) and 80% of NA + 20% of RA (plain 221 
recycled concrete). Fiber reinforced concretes with 6%, in mass, of sisal fiber were 222 
produced using similar combinations of aggregates, as shown in Table 3. 223 
 224 
Table 3 225 
Mix proportions matrices and composites (kg/m³) 226 
Components 
Plain 
Concrete 
(PC) 
Plain 
Recycled 
Concrete 
(PRC) 
Fiber 
Reinforced 
Concrete  
(FRC) 
Fiber Reinforced 
Recycled 
Concrete (FRRC) 
Binder 
constituents 
Cement 437.6 437.1 413.4 413.1 
Silica of fume 87.5 87.4 82.7 82.6 
Fly ash 350.1 349.7 330.8 330.4 
Aggregates 
Natural 875.1 699.4 826.9 660.9 
Recycled - 174.8 - 165.2 
Additives 
Plasticizer 23.3 37.9 55.1 90.9 
Viscosity 
agent 
0.61 0.62 0.83 0.83 
Water 290.0 279.5 250.8 225.5 
Fiber - - 49.6 49.5 
 227 
Since the water absorption rate of recycled aggregate is larger than natural aggregate 228 
(see Table 1), a superplasticizer (SP) was added to the mixtures to avoid major 229 
modification on the water/cement ratio, and to ensure a self-compacting behaviour for 230 
all matrices. A third generation superplasticizer (Glenium 51) with a solid content of 231 
30.9% and specific gravity of 1.1 g/ cm3 was used. The viscosity modifier admixture 232 
(VMA) Rheomac UW 410, with specific gravity of 0.7 g/cm3, at a dosage of 0.05% 233 
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relative to the binder, in weight, was also used in order to avoid segregation during 234 
molding. 235 
The flow table test [31] was carried out to determine the consistency of the materials 236 
(Figure 3). A spreading of 270  10 mm was observed for fiber cement composites. In 237 
the case of the self-compacting matrices a spreading of 400  10 mm was measured 238 
after mold removal without application of drops in the flow table, indicating the high 239 
flowability of matrix. 240 
 241 
 242 
Fig. 3. Consistency measure of a: a) self-compacting matrix; b) fiber cement composite 243 
 244 
The mixtures were produced using a mixer with a capacity of 20 dm3. The following 245 
mixing procedure was used to produce the plain concrete. Cement and fly ash were 246 
homogenized in the mixer, and then the water and superplasticizer were added. Silica 247 
fume and fine aggregate were added and mixed for 4 minutes at low speed (125 RPM). 248 
After this, the mixing process was stopped during 30 seconds to remove the material 249 
retained in the mixer walls. Then, the mixing procedure continued for more 2 minutes at 250 
medium speed (220 RPM). The VMA was added and mixed for another 4 minutes at 251 
125 RPM. To produce the FRC, the plain concrete was produced using the same 252 
procedures as described and, before the addition of VMA, chopped sisal fibers of 40 253 
mm length (Vf= 6%) were added and mixed for more 4 minutes. 254 
2.2 Test methods of materials 255 
Water absorption tests were carried out in two cylindrical specimens of dimensions 100 256 
mm in diameter and 200 mm in height according to ASTM C642 [32]. 257 
The compressive test, according to NBR 5739 [33], and the tensile splitting strength 258 
test, according to NBR 7222 [34], were carried out in three cylindrical specimens of 100 259 
mm in diameter and 200 mm in height. The specimens were tested on a 2000 kN testing 260 
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machine at a rate of axial loading of 500 N/s. For splitting tensile tests a load cell of 50 261 
kN was used. 262 
For the flexural test, initially flat plates with dimensions of 400 ×400 ×10 mm3 were 263 
molded. The mortar mix was manually placed into a steel mold, followed by external 264 
vibration. After 28 days of curing in water immersion, the plates were cut in prismatic 265 
specimens with dimensions of 400 mm x 70 mm x 10 mm for the flexural tests. Bending 266 
tests were carried out under displacement control at a crosshead rate of 0.3 mm/min in a 267 
Shimadzu UH-F 100 kN machine with a load cell of 1 kN capacity. Three specimens for 268 
each mix were tested under four-point bending configuration, as shown in Figure 4.  269 
From the load–deflection curves two parameters were calculated to evaluate the 270 
reinforcing effect of the fiber: a) The post-cracking flexural strength of the composite -271 
determined from the maximum load carried out by the composite after the first crack 272 
event, where the concept of flexural stress (𝑓𝑡𝑓) was obtained from the bending formula 273 
given by 𝑓𝑡𝑓 = 6𝑀 𝑏𝑑
2⁄  where M is the maximum moment of the test specimen and d 274 
and b are the depth and width of the specimen’s cross section, respectively; and b) The 275 
toughness index FT [35], defined as the energy required to deflect the composite beam 276 
to a midpoint deflection of L/150 of its free span (L), which in this study corresponds to 277 
a deflection of 2 mm. 278 
 279 
 280 
Fig. 4. The four-point bending test set-up adopted for characterizing the flexural performance of the 281 
developed materials. 282 
 283 
Statistical evaluation was performed using the analysis of variance (ANOVA) that 284 
allows to determine whether an independent variable has, or not, an effect on the 285 
dependent variable. In addition, it can also be used to identify whether the interactions 286 
of independent variables have, or not, an effect on the dependent variable [36, 37]. In 287 
this work, ANOVA calculations were carried out according Hines al. [38] to determine 288 
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the significance of the fiber content, recycled aggregate content and interaction between 289 
then on water absorption, compressive strength and tensile splitting strength. The 290 
properties values of three replicates at two levels of aggregate substitution (0 and 20%) 291 
for two levels of fiber mass content (0% and 6%) are arranged in a tabular form. After 292 
that, the total sum of squares (SS) for individual factors and for the residual random 293 
error is calculated. Then the mean squares (MS) of the factors are calculated by dividing 294 
their corresponding SS by the associated degrees of freedom (DF). The effect of 295 
individual factors is evaluated by testing the hypothesis of equality of variances, which 296 
is the test of null hypothesis or simply the test of meaning at a particular probability 297 
level. For this purpose, the ratio of mean squares of factors to the mean squares of the 298 
residual error, i.e. the calculated F-values, are compared to the tabulated F-values. A 299 
reliability level of 95% was adopted. Tukey’s tests were also used to identify the 300 
significant differences (P < 0.05) among the values of the properties of the plain 301 
concretes and those values for the fiber reinforced concretes. Statistical analyses were 302 
carried out using the software Statistica (StatSoft, Inc). 303 
2.3 Block: geometry and production 304 
The block developed in this work was produced by using the natural and recycled 305 
composites reinforced with sisal fibers described in previous sections. It was adopted a 306 
design of a trapezoidal element to ensure greater lightness and also to permit the 307 
passage of cables and pipes for water supply, sewage flow, electricity and 308 
communications in the slab without decreasing the free depth of the living space. The 309 
block has dimensions and deadweight in order to be easily and quickly installed without 310 
the necessity of formwork and heavy equipment. Figure 5 compares two conventional 311 
blocks used currently in the market with the one proposed in the present work. 312 
 313 
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 314 
Fig. 5. Block solutions for precast one-way slab: conventional (ceramic and EPS), and the developed 315 
short sisal fiber reinforced concrete block (SSFRC) 316 
 317 
The SSFRC blocks were produced using a metal mold with dimensions of 318 
350×50×500×10 mm (width×height×length×thickness) shown in Figure 6. The two 319 
lateral parts of the block (herein considered the webs of the block) were firstly cast by 320 
being vibrated during 30 sec. Subsequently, the top layer (herein considered the flange 321 
component of the block) was cast by also applying a vibrating period of 30 sec. 322 
 323 
 324 
Fig. 6. Production of SSFRC block: a) metallic mold; b) blocks with natural and recycled aggregate 325 
 326 
The blocks must have semi-structural behavior, since in spite of do not have been 327 
designed for contributing to the ultimate load carrying capacity of the slab, they must 328 
have sufficient strength to withstand several load conditions. In fact, during the 329 
execution of the slab they must safely support the weight of workers and equipment 330 
and, subsequently, must resist the weight of fresh concrete without failing or develop 331 
excessive deformation. To determine the block’s strength, it was used the concentrated 332 
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load test configuration specified by NBR 14859 [39]. According to this standard, it is 333 
necessary to simulate the support conditions provided by the slab’s precast beams to the 334 
block, and the load transferred to the block by a worker positioned in the center of the 335 
block. To simulate the support conditions two L shape steel profiles were used, while 336 
the load applied to the block was materialized by a rectangular shape wooden plate of 337 
75 mm width and 200 mm long, with a thickness of 30 mm (see Figure 9). The test was 338 
carried out using an electromechanical universal machine of 100 kN capacity, with a 339 
load cell of 5 kN, under displacement control at 1 mm/min in the center zone of the 340 
block, by using an LVDT measuring the deflection in this zone. Three samples were 341 
tested for each type of block. 342 
2.4 One-way slab panels 343 
The applicability of the new SSFRC block in a real slab was investigated by producing 344 
and testing four slab panels: one made by blocks of clay ceramics, another built with 345 
EPS blocks, and the other two with SSFRC blocks (Figure 7). For each slab’s panel two 346 
commercial precast beams of 2.1 m length were used, with T inverted shape and 347 
reinforced with three CA-60 steels bars with nominal diameter of 4.2 mm. The concrete 348 
cover layer was reinforced in longitudinal and transversal directions with steel bars 349 
(CA-60) of nominal diameter of 6.3 mm and spaced every 250 mm (Figure 7). 350 
The slab’s panels were fabricated by placing the precast beams together with the blocks 351 
and steel mesh in the wood formwork, as shown in Figures 7a and 7b. A concrete cover 352 
layer (see Figure 5) of 50 mm thickness was cast, so that the finished slab’s panels 353 
became with a total thickness of 120 mm. This concrete was made by a mix proportion 354 
of 1:2.13:3.73:0.5 (cement: fine aggregate: coarse aggregate: water, by weight), and 355 
presented a slump of 60 mm. At 28 days its compressive strength was 30.6 MPa, 356 
obtained following the recommendations of NBR 5739 [33]. 357 
All slab panels were tested as simply supported slab with a span length of 2.0 m, 358 
submitted to a two-concentrated line loads applied at the middle-third of this span, as 359 
shown in Figure 7c. These slab panels were tested in a machine with a capacity of 100 360 
kN, under displacement control at a rate of 1 mm/min. Displacements at mid-span were 361 
continuously measured using electrical transducers (LVDTs), together with the 362 
corresponding loads. The test was stopped at a maximum load of 16 kN to prevent the 363 
collapse of the slabs and damage of the equipment. 364 
 365 
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 366 
Fig. 7. Slab panels before concrete casting including: a) conventional blocks; b) SSFRC blocks; c) Slab 367 
test setup. 368 
3. Experimental results and discussion 369 
3.1 Physical and mechanical properties 370 
The results of experimental analysis of PC and FRC using natural and recycled 371 
aggregates are shown in Table 4. According to the analysis of variance (ANOVA), 372 
shown in Table 5, the addition of recycled aggregate, the addition of sisal fibers and the 373 
simultaneous use of fibers and recycled aggregate had a statistically significant effect on 374 
water absorption and compressive strength. The splitting tensile strength, in turn, was 375 
significantly affected statistically only by the addition of recycled aggregate. 376 
The results of Table 4 indicated, as expected, a gradual increment of water absorption 377 
with the incorporation of recycled aggregate and sisal fibers. It is observed that the 378 
increase of water absorption of the mixes ranged from 8% to 17%, with respect to the 379 
PC, and the highest water absorption rate was obtained in the mixture (Table 3) with 380 
simultaneous use of recycled aggregate and sisal fibers. Recycled aggregate is very 381 
porous and shows a high absorption of water (see Table 1). Santos [40] verified an 382 
increase of porosity of about 9% of mortar for replacement contents of 20% of natural 383 
aggregate. Oliveira  [41] verified an increase of 7% in water absorption of mortar when 384 
25% of the natural aggregate was replaced by recycled aggregate, which was attributed 385 
to the porosity of the recycled aggregate and the increase of the water/cement ratio. 386 
The fiber addition caused an increase of absorption of about 17% and 34% relative to 387 
the plain concrete and the plain recycled concrete, respectively. The fibers have reduced 388 
the workability of the material (see Figure 3) and a greater amount of air was 389 
incorporated during the mixing process and casting, making it more porous. However, 390 
the self-compacting matrix used in the present work permitted the incorporation of a 391 
relatively high fiber content without occurrence of fiber balling or segregation of the 392 
mixture. Thus, it was possible to achieve lower absorption and porosity values than 393 
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obtained when using conventional matrices. According to Melo Filho [42], the increase 394 
of water absorption and porosity of composites is proportional to the fiber content and 395 
fiber length; for composites reinforced with 4% or 6% of sisal fiber an increase of up to 396 
96% in water absorption was observed. 397 
 398 
Table 4 399 
Mechanical and physical properties of concretes 400 
Mix 
Water Absorption 
(%) 
Compressive 
strength 
(MPa) 
Tensile splitting 
strength (MPa) 
PC 4.12 ± 1.1a 46.50 ± 2.1a 3.53 ± 0.2a 
PRC 4.45 ± 0.9b 54.67 ± 1.0b 2.80 ± 0.5b 
FRC 4.84 ± 0.9c 36.27 ± 1.8c 3.62 ± 0.1a 
FRRC 5.95 ± 0.5d 36.73 ± 0.9c 3.08 ± 3.1b 
Values bearing a different letter in the same column are significant at P<0.05. All 
values are mean ± SD (n = 3) 
 401 
Table 5 402 
Analysis of variance (ANOVA) results 403 
Factor DF* MS* F-values p (95%) Significance 
Water absorption 
A: RA 1 1.575 941.042 0.000 Yes 
B: Fiber 1 3.694 2206.314 0.000 Yes 
Interaction AB 1 0.455 272.294 0.000 Yes 
Error 8 0.001 
 
  
Compressive strength 
A: RA 1 55.810 17.839 0.003 Yes 
B: Fiber 1 595.310 190.286 0.000 Yes 
Interaction AB 1 44.600 14.257 0.000 Yes 
Error 8 3.13    
Splitting strength 
A: RA 1 1.223 16.056 0.004 Yes 
B: Fiber 1 0.099 1.297 0.288 No 
Interaction AB 1 0.026 0.346 0.573 No 
Error 8 0.076    
*DF - Degree of freedom, MS - Mean squares 
 404 
For the developed materials, the substitution of 20% of natural aggregate by recycled 405 
aggregate has resulted in an increase of about 17% compressive strength. Similar results 406 
were found by several authors. Neno et al. [43] using substitution levels of 20, 50 and 407 
100% of natural aggregate by recycled concrete aggregate obtained an increase in the 408 
compressive strength of 36, 31 and 88%, respectively. According to these authors, the 409 
increase in the compressive strength with the percentage of replacement of natural by 410 
recycled aggregate can be explained by the high levels of cement adopted in these 411 
materials and densification of matrix due finer granulometry of recycled aggregate. 412 
Corinaldesi et al. [44] justified the increase of the compressive strength with the 413 
percentage of recycled aggregate to the shape of recycled aggregate particles that 414 
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contributes to improve the bond strength at the interface between aggregate and 415 
surrounding cement paste. For the composites, however, the addition of the recycled 416 
aggregate did not statistically affect the compressive strength, as shown in Table 4. This 417 
indicates that the positive contribution of the recycled aggregate could not overcome the 418 
detrimental effects introduced in the matrix due to the incorporation of the fiber. The 419 
use of short vegetable fibers in cement based materials usually reduces their 420 
compressive strength mainly due increase in the matrix porosity. In this work the 421 
addition of fibers resulted in a reduction of the compressive strength of about 22% and 422 
33%, relative to plain concrete and plain recycled concrete, respectively. The decrease 423 
of compressive strength observed in this study, however, is much lower than the one 424 
pointed out in other works [45]; this behavior can be justified by the self-compacting 425 
nature of the plain concrete which results in lower air content incorporated during 426 
mixing and casting and, consequently, lower porosity of the fiber reinforced concrete. 427 
Figure 8 shows one representative flexural stress–deflection curve for the natural 428 
composite (SSFRC with natural aggregate) and recycled composite (SSFRC with 429 
recycled aggregate) tested at 28 days of age; gray domain represents the envelope of 430 
results of all samples. The average recorded data with their coefficient of variation (CV) 431 
is presented in Table 6. 432 
 433 
 434 
Fig. 8. Flexural stress versus midspan deflection obtained in four point bending tests (Figure 4) with 435 
specimens of natural and recycled composites 436 
 437 
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Usually, the addition of short vegetable fiber in cement based composite results in a 438 
material with softening behavior in bending and the development of a unique crack 439 
before the rupture of the specimen [28]. However, in the composites developed in the 440 
present work, the maximum flexural capacity was 14% higher than the flexural stress at 441 
cracking initiation. Furthermore, although short 40 mm length fibers have been used, 442 
several cracks were formed up to the deflection level (about 6 mm) where cracking 443 
process attained its stabilized stage. Similar behavior was registered by Ferreira et al. 444 
[20], however, using a matrix with higher content of cement (cement/sand ratio of 2) 445 
and fibers of larger length (50 mm). 446 
The statistical analysis of the average values of the strength performance of the 447 
developed materials demonstrated that the replacement of natural aggregates by 448 
recycled aggregates had not influence on the cracking and maximum flexural stress of 449 
the tested specimens. However, the toughness index FT has decreased up 13% when 450 
recycled aggregate was used in the matrix, indicating a detrimental influence on the 451 
fiber pullout performance caused by this replacement. 452 
 453 
Table 6 454 
Results of four point bending tests 455 
Concrete 
First crack 
strength 
MPa 
Flexural 
strength 
MPa 
FT 
N/mm² 
FRC 4.31 (7.1) a 4.72 (1.8) a 3.54 (6.44) a 
FRRC 3.97 (5.9) a 4.63 (3.5) a 3.09 (12.0) b 
Values bearing a different letter in the same column are significant at 
P<0.05. Coefficient of variation into round brackets (n = 3) 
 456 
3.2 Evaluation of the structural performance of the blocks 457 
Figure 9 shows a representative load-displacement curve for each type of block 458 
investigated materials: short sisal fiber reinforced concrete (SSFRC), short sisal fiber 459 
reinforced recycled concrete (SSFRRC), EPS and ceramic. The photos included into 460 
Figure 9 indicate the block situation at the end of the test. Table 7 shows the load when 461 
the first crack was detected, cracking load (Pcr), as well as the maximum load (Pmax) and 462 
Pcr/Pmax ratio. 463 
 464 
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 465 
Fig. 9. Load-displacement response of filler blocks under flexion 466 
 467 
Table 7 shows that traditional blocks have not reached the minimum load required by 468 
NBR 14859 [39], which is 0.7 kN for blocks less than 80 mmm in height. When 469 
compared to this load target, the maximum load supported by the ceramic and EPS 470 
blocks was, respectively, 37% and 47% smaller. These results are consistent with 471 
observations in the execution of prefabricated slabs where these types of blocks are 472 
used, with ceramic elements failing during transport and application, and EPS blocks 473 
rupturing during the application of the concrete cover layer [3]. In addition, a brittle 474 
rupture behavior was observed in Figure 9 for both blocks. The ceramic and the EPS 475 
blocks do not have strength capacity for suspending any type of the infrastructures 476 
circulating in the bottom surface of the slabs, while the proposed new FRC blocks 477 
demonstrated potentiality for this demand. The maximum load of the FRC blocks was 478 
about 157% higher than the minimum load required by the standard for the blocks for 479 
this type of slabs. 480 
 481 
 482 
 483 
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Table 7 484 
Results of the structural tests with the investigated block 485 
Block’s designation 
Pcr 
kN (CV) 
Pmax 
kN (CV) 
Pmax/Pcr 
Ceramic 0.44 (26.3) a 0.44 (26.3) a 1.00 
EPS 0.37 (0.8) b 0.37 (0.8) b 1.00 
SSFRC 0.79 (8.5) c 1.83 (23.4) c 2.32 
SSFRRC 0.79 (14.3) c 1.76 (19.6) c 2.23 
Values bearing a different letter in the same column are significant at P<0.05. Coefficient of variation into 
round brackets (n = 3) 
 486 
From the load–deflection curve of the SSFRC and SSFRRC blocks, it can be seen they 487 
present a deflection hardening response. The initial linear response ends at a cracking 488 
load (stage I) that was similar in both blocks (0.8 kN). The post cracking phase was 489 
characterized by a multiple cracking formation in the bottom surface of block (stage II) 490 
until no more cracks can form (cracking formation stage) and the crack spacing 491 
becomes constant. The widening of the existing cracks takes place in stage III. After 492 
this, in stage IV, the inelastic behavior of fiber reinforced material sections leads to a 493 
redistribution of moments and forces, resulting in an increase of load carrying capacity. 494 
With the increase of load, pseudo-hinges start being formed in succession at locations 495 
where the maximum moment capacity was reached; during this loading process, these 496 
pseudo-hinges have continuously rotate until the last pseudo-hinge has formed (web-497 
flange connection zones), converting the structure into a mechanism, which corresponds 498 
to the end of stage IV. In the structural softening phase (stage V) the pseudo-hinges 499 
corresponding to the mechanism rotate by widening and localizing the macro-cracks in 500 
the zones of maximum bending moments (stage V). 501 
The effect of partial replacement of natural by recycled aggregate on the maximum load 502 
capacity of SSFRC blocks was evaluated by comparison test Tukey's, as shown in Table 503 
7. It was found that the recycled aggregate caused no statistically significant changes in 504 
the maximum load of the blocks as well as had not affected the first crack strength of 505 
the concrete, as shown in Table 6. 506 
The Pmax/Pcr ratio (shown in Table 7) was about 2.2 and 2.3 for SSFRC block with 507 
natural and recycled aggregate, respectively. Comparing this residual strength ratio with 508 
the specification suggested by Bank et al. [46] for permanent formwork system, both the 509 
FRC blocks, regardless of have been made with natural or recycled aggregates, can be 510 
classified as the upper class (A-3 class), which indicates that the formwork blocks are 511 
intended to be cracked for the design service loads. The maximum load is reached at a 512 
relatively large deformation, which indicates the large ductility and energy absorption 513 
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capacity of the SSFRC. This quite large deformability was attained with the SSFRC 514 
blocks maintaining their integrity, which is quite favorable in terms of the safety of the 515 
workers during the execution of the slab. 516 
3.3 Structural response of the slabs 517 
The structural behavior of the slabs was analyzed through the load versus displacement 518 
curves (Figure 10) and cracking pattern (Figures 11 and 12). 519 
 520 
 521 
Fig. 10. Load vs. midspan displacement of slab panels 522 
 523 
The first stage of linear response in the tested slabs is of very small amplitude due to the 524 
relatively low area of concrete in tension and tensile strength of the concrete of the pre-525 
fabricated RC beams. This tendency was already observed by other authors [10, 11]. 526 
Cracking load (Pcr) has occurred at a load interval between 1.8 and 2.0 kN (Table 8). 527 
This table 8 also includes the load at steel yield initiation (Py), and at serviceability limit 528 
deflection state conditions (PL/250), i.e., at a deflection limit δlimit = span/250=8.4 mm.  529 
 530 
Table 8 531 
Results of slab bending test 532 
Type of filler block Load (kN) 
 Pcr Py PL/250 
Ceramic 
1.8 to 2.0 
6.49 10.17 
EPS 5.97 9.10 
SSFRC 8.93 12.50 
SSFRRC 7.33 10.12 
 533 
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After cracking load and up to the yield initiation of the flexural reinforcement of the 534 
pre-fabricated beams, the slabs with SSFRC blocks presented higher stiffness than slabs 535 
with the other two types of blocks (Figure 10), which can be justified by the cracking 536 
process shown in Figure 11. In fact, the continuity of the cracks in the pre-fabricated 537 
beams and SSFRC blocks, clearly visible in Figure 11b, demonstrates the contribution 538 
of these blocks for the flexural capacity of the corresponding slabs, as is visible in 539 
Figure 10. The cracking continuity in pre-fabricated beams and SSFRC blocks also 540 
indicates good bond conditions between these blocks and concrete cover layer. 541 
Therefore, in spite the main aim of the proposed SSFRC blocks is to demonstrate the 542 
possibility of producing cost competitive blocks of larger in plane dimensions for 543 
quicker execution of this type of slabs, of higher load carrying capacity and suitable 544 
geometry for suspending and hiding infrastructures like pipelines of building 545 
functionalities, and to constitute elements of much higher ductility and material 546 
integrity due to safe reasons for the operators, the structural response of the tested slabs 547 
demonstrates these SSFRC blocks can be optimized for providing non negligible 548 
contribution for the load carrying capacity of this type of slabs. 549 
 550 
 551 
Fig. 11. Crack pattern: a) ceramic slab; b) SSFRC slab 552 
 553 
The higher load carrying capacity at yield initiation and at post yielding stage of the 554 
FRC slab is justified by the larger load carrying capacity of the corresponding SSFRC 555 
blocks (formed with natural aggregate), Figure 9. This supports the relevance, 556 
aforementioned indicated, of this type of blocks for the load carrying capacity of this 557 
type of slabs. After yield initiation the stiffness of the tested slabs has decreased but was 558 
still appreciable due to the contribution of the top flexural reinforcement of the pre-559 
fabricated beams and the concrete cover layer that have enter in tension with the 560 
progressive propagation of the flexural cracks towards the top surface of the slab 561 
(Figure 12). 562 
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 563 
 564 
Fig. 12. Cracking propagation: a) experimental identification; b) cracks crossing steel reinforcement bars 565 
(ϕ) of precast beam and concrete cover layer 566 
 567 
4. NUMERICAL MODELLING 568 
4.1 Introduction 569 
Previous section has demonstrated that the SSFRC block contributes for the stiffness of 570 
the deflection response of the slab. Therefore, this sections aims to assess the influence 571 
of relevant geometric aspects of the SSFRC block on its load carrying capacity. To 572 
perform reliable analysis, a model capable of simulating the relevant nonlinear 573 
phenomena, like crack formation and propagation, should be used, which requires the 574 
determination of the fracture mode I parameters of the SSFRC material, since the 575 
SSFRC block has failed in bending. 576 
4.2 Evaluation of the fracture mode I parameters of SSFRC 577 
The fracture mode I parameters were obtained by performing inverse analysis (IA) 578 
according to the strategy described in Lima et al. [22], considering the results registered 579 
in the four point bending tests described in Section 2.2, whose results are presented in 580 
Section 3.1 (Figure 8). In the simulations of the IA, and of the FRC block, the 581 
specimens were modeled with a 3D Reissner-Mindlin layered shell theory, while the 582 
material nonlinear behavior due to cracking was simulated with a multidirectional fixed 583 
smeared crack model (MDFSCM) available in the FEMIX computer program. The 584 
layered shell theory and the MDFSCM are described in detail elsewhere [47]. A 585 
smeared approach was selected because in the experimental tests carried out with 586 
bending specimens and FRC blocks several cracks were formed in the most tensioned 587 
zones. In recent study [48] the numerical approach based on the ‘smeared crack’ 588 
material model has been used successfully to model sisal concrete elements. By fitting 589 
as much as possible the obtained experimental results (Figure 8), the fracture mode I 590 
23 
 
parameters indicated in Table 9 were determined, where the meaning of the symbols are 591 
shown in Figure 13. 592 
 593 
Table 9 594 
Values of the parameters of the constitutive model used in the numerical simulations (obtained from 595 
inverse analysis) 596 
Property Value 
Poisson’s ratio  
Initial Young’s modulus 
 
Trilinear tension-softening diagram 
fct = 1.1 MPa; 
I
fG = 1.0 N/mm; 1 = 0.005; 1 = 0.60;  
2 = 0.50; 2 = 1.00 
Parameters modeling the in-plane-shear 5.0, 
cr
pt N/mm
2; sfG , 0.30 N/mm; 1.0  
Parameters modeling the out-plane-shear 
 
Parameter defining the mode I fracture energy 
available for the new crack (Sena-Cruz 2004) 
[49] 
 
Crack bandwidth lb = Square root of the area of the integration point 
Threshold angle  
Maximum number of cracks per integration 
point 
2 
 597 
 598 
Fig. 13. Diagrams for modelling the post-cracking tensile behavior of SSFRC ( crn,1 ctf  ,
cr cr
n,2 1 n,1   , 599 
cr cr
n,3 2 n,1   , ,2 1 ,
cr cr
n n u   , ,3 2 ,
cr cr
n n u   ). 600 
 601 
These values demonstrate that an abrupt load decay occurred just after the crack 602 
initiation due to the incapacity of fibers to support the energy release in the fracture of 603 
the matrix (1 = 0.005, 1 = 0.60). This stage was followed by a pseudo-hardening 604 
G
I
f
lb
n,u cr n
cr
 crn
 crn,1
DI,sec
cr
DI,1
cr
DI,2
cr
DI,3
cr
n,3 crn,2 cr
 crn,2
 crn,3
n,max cr
 crn,max
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phase (2 = 0.50, 2  = 1.00), due to the contribution of fiber reinforcement 605 
mechanisms. 606 
4.2 Numerical modelling of the SSFRC block 607 
Due to the double symmetry of the testing conditions of the SSFRC block (see Figure 608 
9), only one quarter of the block was simulated numerically. For this purpose, the 3D 609 
Reissner-Mindlin shell layered approach, together with a multidirectional fixed smeared 610 
crack model (MDFSCM), described in Ventura et al. [47] was adopted, considering the 611 
model parameters indicated in Table 9. The adopted finite element mesh is shown in 612 
Figure 14 (Serendipity 8-node) together the vertical displacement field at load level 1.5 613 
kN (which corresponding to a central deflection in the block of 7.5 mm). All the 614 
components of this folder type shell structure were discretized in the depth with 10 615 
layers of equal thickness. For the evaluation of the stiffness matrix and internal forces a 616 
22 Gauss–Legendre integration scheme was adopted. The load vs mid span deflection 617 
for the FRC block registered experimentally is compared to the one obtained 618 
numerically in Figure 14. It is verified that using the fracture mode I parameters 619 
obtained by inverse analysis with experimental results registered in small specimens of 620 
the material used in the SSFRC block, it was capable of predicting with good accuracy 621 
the deformational behavior of the experimentally tested block. 622 
The cracking patterns determined numerically and observed experimentally, at 623 
maximum load determined numerically and registered experimentally, are compared in 624 
Figure 15 The model is capable of capturing the occurrence of two critical flexural 625 
cracking zones, one in the connection between the central and the inclined extremity 626 
parts (due to negative bending moments on top surface), and the other in the middle 627 
span of the central part (due to positive bending moments on bottom surface). 628 
 629 
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 630 
Fig. 14. Comparison of the force–deflection relationships registered experimentally and obtained 631 
numerically. 632 
 633 
 634 
Fig. 15. Cracking pattern at maximum load determined numerically and registered experimentally: a) Top 635 
surface; b) Bottom surface. 636 
 637 
 638 
 639 
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4.3 Parametric study 640 
By using the finite element type and model parameters adopted in the simulations of the 641 
previous section, parametric studies were carried out in order to assess the influence of 642 
the wall’s thickness (e) and the depth of the SSFRC block (h) on its load carrying 643 
capacity. For e parameter it was considered 10, 12 and 15 mm, while for h it was 644 
explored 100, 150, 200 and 250 mm. By increasing the h, the flexural stiffness of the 645 
slab also increases, as well as the possibility of passing pipes of higher dimensions or 646 
other infrastructures without decreasing the effective depth of the compartment, which 647 
increases the competitiveness of this solution in comparison to the ones existing 648 
actually in the market. Were adopted fixed values to the width and length of block, 700 649 
mm and 1000 mm, respectively, considering the maximum weight of block about 10 kg, 650 
so that it can be handled without the need for equipment. 651 
The parametric studies were executed for the following two loading scenarios: 1) central 652 
load, like the one adopted in the experimental tests; 2) load uniformly distributed in the 653 
central part in order to simulate the deadweight of the concrete cover layer applied in 654 
this type of prefabricated slabs. The results in terms of load vs. central deflection of the 655 
block for these two loading scenarios are represented in Figures 16 and 17, respectively. 656 
In Figure 16 an increase of the maximum load supported by the block is verified with 657 
the increase of the thickness of the wall. However, as shown in Figure 18, the blocks 658 
with a thickness of 10 mm cannot reach the minimum load of 70 kgf required by the 659 
Brazilian standard, when considering the limit state of deflection equal to L/250. 660 
Increasing the width of the block generates increase in bending stresses and 661 
consequently reduction in the block strength, but blocks with a thickness of 12 or 15 662 
mm can be used safely. 663 
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 664 
Fig. 16. Effect of wall’s thickness (e) and depth (h) of the SSFRC block on the load carrying capacity and 665 
deformation performance of SSFRC block for central loading conditions 666 
 667 
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 668 
Fig. 17. Effect of wall’s thickness (e) and depth (h) of the SSFRC block on its load carrying capacity and 669 
deformation performance for uniformly distributed load in the central part of the block. 670 
 671 
 672 
Fig. 18.- Effect of wall’s thickness (e) and depth (h) of the SSFRC block on concentrated load carrying 673 
capacity 674 
 675 
The load resulting from the weight of the fresh concrete on the block can be estimated 676 
by Q = .ec, where  is the concrete density of the order of 2500 kg/m3, and ec is the 677 
thickness of the concrete cover. For the various configurations of height and thickness 678 
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of the block studied, it is verified that the slabs can support the weight of a layer of 679 
concrete up to 20 cm, , as shown in Figure 19, without excessive rupture or deformation 680 
of block. In this way, various configurations of slabs could be utilized with the SSFRC 681 
block. 682 
 683 
 684 
Fig. 19. Maximum concrete cover thickness on the SSFRC block  685 
 686 
5 - Conclusions 687 
In this work the potentialities of short sisal fiber reinforced recycled concrete (SSFRC) 688 
blocks were assessed by executing an experimental program and numerical modeling. 689 
The experimental evaluation of material demonstrated that the replacement of natural 690 
aggregates by recycled aggregates had not influence on the cracking and maximum 691 
flexural stress of the fiber reinforced concrete, besides the increase of water absorption 692 
and compressive strength.  693 
Flexural behavior of SSFRC blocks presented a typical response characterized by five 694 
phases: (I) linear-elastic; (II) multiple cracking formation in the bottom surface of 695 
block; (III) widening of the existing cracks; (IV) redistribution of moments and forces, 696 
resulting in an increase of load carrying capacity; (v) structural softening. A flexural 697 
load at crack initiation between 0.8 kN and a maximum flexural load of about 1.8 kN 698 
were obtained for SSFRC blocks, while the commercial blocks reached a maximum 699 
load of about 0.4 kN. These performance indicators evidence the potentialities of these 700 
composites for constituting the structural slab. In fact, the experimental evaluation of 701 
slabs panels indicated a better flexural performance when the SSFRC blocks were used, 702 
when compared to slabs using ceramic or EPS blocks. Regarding the durability of the 703 
blocks, in addition to the use of a durable matrix, it is believed that the protection 704 
offered by the slab will prevent the contact of the block with aggressive environments 705 
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which will provide an adequate useful life. It is important to note that, as it acts as a 706 
permanent formwork, the block will only have a structural function during the placing 707 
of concrete of the slab. 708 
Material nonlinear analysis, which describes the strain-softening behavior of concrete 709 
by a smeared crack model, was used to model the experimental behavior of the SSFRC 710 
blocks under flexion. It was possible to simulate adequately the load-displacement 711 
response of the blocks and to identify the development of the crack pattern until the 712 
rupture. This numerical model was used to simulated the news design of SSFRC block 713 
and their structural response under concentrated or distributed load. By increasing the 714 
wall’s thickness and depth of the SSFRC block it is verified an increase of its load 715 
carrying capacity as well as the possibility of passing pipes of higher dimensions or 716 
other infrastructures which increases the competitiveness of this solution in comparison 717 
to the ceramic and EPS blocks. 718 
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